The prevalent Dark Matter (DM) candidate of the (B − L) Supersymmetric Standard Model (BLSSM) is the Right Handed (RH) sneutrino. In this work we assess the ability of ground and space based experiments to establish the nature of this particle, through indirect and collider detection.
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v is a thermal average for the total cross section of annihilation to SM objects multiplied by the relative sneutrino velocity, T F is the freeze out temperature, x F ≡ mνR,I
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• ν Im ▲ ν Re Figure 2 -Thermal cross section for DM DM → W + W − annihilation as predicted by theory as a function of the DM mass, for CP-even (blue) and CP-odd (orange) sneutrinos. Also shown are the Fermi-LAT limit from dSphs at present (solid black) and as projection for 15 years from now (dashed black). All points obey the relic density upper limit, for which rescaling, where necessary, has been applied.
Collider Signatures
In searching for these direct DM signals, we have scanned over several benchmark CP-even and CP-odd sneutrino LSPs and used MadGraph 10 for the computation of the LHC cross sections. One may search for the sneutrino LSP through typical DM searches, such as mono-jet or VBF with invisible Higgs decays, but these do not uniquely identify the model. Production via
i would provide an interesting signature, but due to the mass limit on the Z , M Z > 4TeV, the cross section is at most σ 0.025, so a signal would not be observable in the near future.
A promising signature of the sneutrino LSP could be done indirectly, via slepton pair production. We have found benchmark points with a cross section σ ∼ O(0.1) fb's. In scenarios with light sleptons, one may find that thel → W ±ν LSP channel is the only available decay mode despite a width suppressed by the small Dirac Yukawa coupling, and this would yield a di-lepton signature.
For a different mass hierarchy, one can havel →χ 0 l withχ 0 → ν hνLSP , where ν h is the heavy neutrino. The latter will mainly undergo ν h → W ± l ∓ or ν h → Zν l decay, thus providing fully or semi-leptonic signatures (again, accompanied by missing transverse energy). Finally, one may observe DM signatures from the pair production of squarks, which can have large cross sections, σ ∼ O(1)fb's. One may find sneutrinos through a squark decay chaint →χ 0 t, with a large branching fraction ∼ 80% for the lightest squark with a neutralino decay pattern χ 0 → ν hνLSP , as before. Here, one would have a variety of jet plus multi-lepton final states recoiling against missing transverse energy.
Conclusion
We have discussed the possibility to observe RH sneutrino DM in the BLSSM, a candidate notably different from the MSSM neutralino. It has been shown before that the sneutrino offers much larger regions of parameter space where the LSP complies with relic density limits in comparison to the MSSM's neutralino. We have explored the ability of ground and space based experiments to detect this candidate. We have found that indirect detection, namely the Fermi-LAT experiment, is beginning to touch the parameter space and a signal may be visible in the next 15 years. We have also seen there are several possible collider signatures, which would be strong hints of this non-minimal SUSY extension. The BLSSM has several features which are distinguishable from the MSSM scenario, and we advocate a more thorough investigation of DM phenomenology in this non-minimal SUSY scenario.
